Abstract Many studies have found that co-authored research is more highly cited than single author research. This finding is policy relevant as it indicates that encouraging coauthored research will tend to maximise citation impact. Nevertheless, whilst the citation impact of research increase as the number of authors increases in the sciences, the extent to which this occurs in the social sciences is unknown. In response, this study investigates the average citation level of articles with one to four authors published
Introduction
The encouragement of co-authorship is often a major goal of research policy. One important reason for encouraging collaboration is that numerous studies (described below) have found that collaborative research tends to be more highly cited than non-collaborative research. As higher citation is associated with higher research quality, these findings tend to indicate that, in general, collaborative research is of a higher quality than single author research. If policy makers are going to encourage collaborative research, however, it is important to know the optimum number of collaborative partners and the extent to which this varies between disciplines.
The importance that funders attach to understanding the relationship between citation and co-authorship is indicated by the decision by the European Commission and Research Council of Norway to commission studies carried out by Science-Metrix on citation and collaboration (European Commission 2013; Research Council of Norway 2014) .
Investigations of the relationship between co-authorship and citation have tended to group together all collaborative articles into a single category and to compare the mean citation of collaborative articles with the mean citation of single author articles. However, one study has found a significant positive correlation between the number of co-authors and the number of citations (Gazni and Didegah 2011) for Harvard University publications and another study found that mean citation within the Science Citation Index (SCI) as a whole increased steadily as the number of authors increased up to at least 12 (Persson et al. 2004 ).
Gazni and Didegah's findings were for a single institution and Persson, Glänzel and Danell's findings grouped together all SCI disciplines but neither paper investigated entire disciplines, which is a natural level of analysis for policy-relevant findings. To partly fill this gap, this paper investigates the relationship between citations and the number of authors for a selection of social science disciplines.
Background
Research collaboration leading to co-authored articles can occur in many forms, from PhD supervision to cooperation between peers (Katz and Martin 1997) . Although it is a common phenomenon and seems to be widely associated with high productivity, it seems that whilst scientists that collaborate produce more research papers, if fractional counting is used then collaboration does not increase productivity (Lee and Bozeman 2005) .
The theory of Mode 2 science, an interdisciplinary, applied approach focusing on marshalling all types of expertise necessary to solve an important problem (Gibbons et al. 1994; see also: Bordons et al. 1999; Etzkowitz and Leydesdorff 2000; Haythornthwaite 2006) , is an influential argument for collaborative research being important for policymakers to promote. Mode 2 science may be powerful because of its combination of subject expertise and could be more useful to society because of the focus on real-world problemsolving. It may also be more highly cited because of its greater contribution, although applied research can be less cited than pure research (e.g., Seglen 1997) . Although this argument is for the value of interdisciplinary research, most quantitative research has focused on all types of collaboration or the difference between national and international collaboration, presumably because it is difficult to quantify the interdisciplinarity of a set of article authors.
Collaboration varies between countries and disciplines and over time. For example, a comparison between the 50 countries that had at least 1,000 WoS publications in 1995 and 1996, found large national differences: for Switzerland 47.5 % of publications were internationally collaborative, whereas for Japan the figure was only 14.4 % (Glänzel 2001) . A regional study also found considerable variation in the collaborative rates of Latin American countries; for 1991-1995 the internal collaboration rate was 23-40 % for the five countries that published at least 2,000 papers whereas it was 60-74 % for the five countries that published fewer than 100 papers (Gómez et al. 1999) .
The rest of this section focuses on published research on collaboration and the relationship between the number of authors and citations. Although working together often results in co-authorship, it does not automatically result in a co-authored publication (Katz and Martin 1997) . In addition, although the link between citation and quality is not clearcut, numerous studies have investigated the relationship between collaboration and citation with a belief that it reflects an underlying relationship between collaboration and research quality.
Collaboration and citations
Within science, many studies have shown that papers with more authors tend to attract more citations. For example, a study using the whole of WoS, which is dominated by the sciences, found a general trend for articles with more authors (at least up to a total of 20) to have higher mean citations (Costas and van Bochove 2012) . Similarly, a study of a sample of Italian articles from a variety of areas of scholarship found more highly co-authored articles to be both more highly cited and more highly rated by peer reviewers (Franceschet and Costantini 2010) . A significant positive correlation has also been found between the number of co-authors and the number of citations for Web of Science articles with at least one author affiliated with Harvard University (Gazni and Didegah 2011) . At the level of individual scientific subjects, each additional author up to 7 increases the average number of citations per article in biomedical research, chemistry and mathematics (Glänzel 2002) . There is a correlation between collaboration and citation for Chinese molecular biology (Ma and Guan 2005) , but not for well-known molecular biology research institutes (Herbertz 1995) .
Some studies of the social sciences, often using Social Science Citation Index (SSCI) data, have also found statistically significant associations between collaboration in general and citation, including for economics overall, but varying by nation (Levitt and Thelwall 2010) and for ecology overall, but not for co-authorships within the same institution (Leimu and Koricheva 2005) . A sample of 970 Italian economics and statistics articles were also found to be more highly cited and more highly rated by peer review as the number of authors increased from 1 to 2 and from 2 to 3? (Franceschet and Costantini 2010) , although the peer review increase from 2 to 3? articles was small (1 %) and possibly not statistically significant. From a slightly different perspective, the proportion of the most highly cited library and information science articles that are collaborative has increased over time but the same is not true for uncited articles (Levitt and Thelwall 2009) . Graduate students on a library and information science course also rated articles more highly if they had more than one author (Finlay et al. 2012) , suggesting that higher citation may reflect higher quality or utility within this area.
Some studies of the social sciences have not found collaboration to increase or decrease the average level of citations to articles, however, including investigations of physical education, recreation, and dance (Crase and Rosato 1992) , finance (Avkiran 1997) , and two library science journals (Hart 2007 ).
Citations and national or international collaboration
Several studies of science have found that international articles by more than one author are particularly highly cited. For each of the 31 countries that published the largest number of science papers in 1995, on average, internationally collaborative articles were more highly cited that non-international collaborative articles (Glänzel 2000) . Based upon SCI articles in 1998, the mean citation rate for SCI articles, excluding self-citations, increases at the same rate for national and international articles (0.5 citations for each author after the first up to 12) although international collaborative articles received about one more citation, on average, than did domestic collaborative articles (Persson et al. 2004 ). Based on nearly half a million UK SCI publications from 1981 to 1994 (Katz and Hicks 1997) , articles by authors from two countries on average received about 50 % more citations than articles by authors from a single country. Positive associations between international collaboration and citation rates have also been found for Scandinavian science (Glänzel 2000) , Brazilian science (Leta and Chaimovich 2002) , New Zealand science (Goldfinch et al. 2003) , and Danish industry (Frederiksen 2004) . In contrast, papers with at least one Harvard University co-author attract less citations the further the authors are apart (Lee et al. 2010) , suggesting that international collaboration is ineffective for Harvard authors. This is probably a special case for one elite university collocated with another elite university Massachusetts Institute of Technology) and hence does not undermine the other findings.
At the level of individual subjects, positive associations have been found between citations and international collaboration for Chilean physics (Vogel 1997) , HIV/AIDS in Nigeria (Uthman 2008 ) and wood preservative chemical research (Yi et al. 2008 ). An investigation of Spanish Gastroenterology, Cardiovascular Systems and Neuroscience SCI articles published between 1991 and 1993 found that international collaboration helped Spanish researchers to publish in higher impact journals (Bordons et al. 1996) and hence, presumably, to attract more citations. Similarly, an investigation of chemistry papers published in 1995 found that for 33 of the 36 countries international collaborative papers were on average more highly cited than non-international collaborative papers (Glänzel and Schubert 2001) and a study of nanotechnology articles found that the number of authors was not a significant determinant of citations once other factors, such as various types of internationality, were taken into account (Didegah and Thelwall 2013 ). These findings demonstrate that, in contrast to international collaboration, national collaboration may not always be associated with higher impact research. An alternative explanation may be that more capable researchers are more able to establish international collaboration or that higher quality research projects are more likely to attract international teams.
One concern when investigating collaboration is that articles by multiple authors seem more likely to be self-cited as there are more authors to self-cite. In partial response, an investigation of astronomy research in the Netherlands (Van Raan 1998) concluded that higher rates of self-citation in international collaboration do not play a significant role in increasing the citation impact of internationally collaborated articles. A similar result was found for the whole of WoS (Costas and van Bochove 2012) . In addition, an investigation of Norwegian international collaboration in science found that author self-citations explain only 12 % of the increase in citation level between single author and international collaboration (Research Council of Norway 2014).
Within the social sciences, links have been found between higher citation and international collaboration for Brazilian management science (Pereira et al. 2000) , library and information science (Levitt and Thelwall 2009) and economics (Levitt and Thelwall, 2010) .
A few studies of collaboration have compared more than one country. An investigation of 837 papers published in Oecologia between 1998 and 2000 found a citation advantage for collaborative articles that was higher for US authors than for European authors, although international collaborations were not more highly cited than national collaborations (Leimu and Koricheva 2005) . Another study generalised this result by showing that the citation advantage gained through international collaboration varied by discipline and country, tending to be greatest in countries with the lowest citation impact and in social sciences and engineering (Lancho-Barrantes et al. 2013 ).
An investigation of European science found that on average international collaborative articles received more citations than non-international collaborative articles and non-international collaborative articles received more citations than single author articles (European Commission 2013). An investigation of Norwegian science found that on average international collaborative articles received about 40 % more citations than noninternational collaborative articles (Research Council of Norway 2014).
Research questions
As described in the Background, many studies of single disciplines, particularly within the sciences, have found positive associations between citations and whether an article is collaborative or not and two studies of multidisciplinary or scientific sets of articles have found a correlation between citations and the number of co-authors, up to 7 or 20. Nevertheless, with the exception of Italian statistics and economics articles with 1, 2 and 3? authors (Franceschet and Costantini 2010) there has been no systematic investigation into the relationship between the number of authors and citation rates within social science disciplines. In order to fill this gap, the relationship between mean citation and number of co-authors is investigated for 20 social science disciplines for five different years, addressing the following research questions:
1. To what extent does the citation benefit of having more authors vary from discipline to discipline and number of authors in the social sciences? 2. To what extent does the citation benefit of having more authors vary from year to year in the social sciences?
Although the literature review, albeit mainly for the sciences, suggests that different types of collaboration have different effects on citation rates, and particularly in terms of national, international or institutional collaboration, this study does not differentiate between different types of collaboration in order to get initial wide-ranging findings for the social sciences.
Method
Using the Web interface of the SSCI, bibliographic records were downloaded for the articles published in 1995, 1998, 2001, 2004 and 2007 in 20 social science disciplines. These disciplines consisted of: (a) the subject area of 'Psychology' and (b) the 19 categories not containing the word 'Psychology' for which over 2,500 SSCI articles was published in 2007. The disciplines with the largest number of articles were investigated, as tests on larger samples have greater statistical power and the results are more widely useful. The cut-off of 2,500 articles was chosen because there was a particularly large difference in the number of articles between the discipline with the smallest number of articles over 2,500 (Rehabilitation, 2,514 articles) and the discipline with the next largest number of articles (Anthropology, 2,147 articles). Selecting the disciplines with the largest number of articles enabled a comparison of findings for a wide cross-section of disciplines that had a fairly large number of articles. For each discipline, using a computer program the mean citation was calculated over all SSCI articles published in the years 1995, 1998, 2001, 2004 and 2007 by one author, two authors, three authors, four authors, and more than four authors. These 5 years were chosen to cover a substantial recent period of time. Because of the large scale of the investigation, it was only practical to obtain citations to date, and so older articles have longer citation windows than younger articles. This study analyses separately articles with fewer than five authors because for some disciplines the number of five author articles was too small for a valid analysis. For example, for the articles published in 2007, three of the disciplines had fewer than twenty 5-author articles and a further three had fewer than sixty articles, whereas none of the disciplines had fewer than twenty 4-author articles and only one had fewer than sixty 4-author articles. As indicated in the Background the findings are likely to have been similar if self-citations had been excluded.
Results
Although in all 20 areas there is a tendency for collaborative research to be more highly cited, there are considerable differences between disciplines in the results. For example: (a) The ratio of the citation level for two authors to that for one author for 1995 ranged from 1.06 ( In order to systematically assess the relationship between discipline and number of authors (the first research question), the articles published in the most recent year, 2007, were analysed to see if the number of citations per paper was affected by the number of authors, grouping articles with at least five authors together. A Kruskal-Wallis one-way analysis of variance test was used to check for significant evidence of differing distributions of citations for different numbers of authors. Table 1 indicates that for all disciplines, articles written by two authors attracted, on average, more citations than solo articles but there are five different patterns of increasing citations with number of authors. For ease of discussion the following simplification is made: authors 1-4 are considered to be discrete contributors, but additional contributors produce a many-authored paper.
• A: Additional discrete authors always increase citations; many-authored papers are the most highly cited.
• B: Additional discrete authors increase citations up to three authors; many-authored papers are the most highly cited.
• C: Additional discrete authors increase citations up to three authors.
• D: Additional discrete authors increase citations up to two authors; many-authored papers are the most highly cited.
• E: A second author increases citations.
Although the results are partly affected by the sample size, so that similar differences may be insignificant in one discipline but significant in another discipline with more articles, some factors are clear from the results. Most importantly, additional authors never significantly reduce the distribution of citations, and for all disciplines a second author significantly increases the distribution of citations. Nevertheless, a third author increases the distribution of citations in about half (11 out of 20) of the disciplines but is only true for a fourth author in one discipline. Hence, outside psychiatry, two or three authors seem to be sufficient for most fields. The exception is for highly co-authored articles with at least five contributors, for which over half (12 out of 20) of the disciplines show a citation advantage.
In order to investigate the second research question (variation over time), citation levels were calculated for every third year between 1995 and 2007.
For all years and for all disciplines, there is a citation advantage of two author articles compared to single authored articles, although this advantage seems to have reduced between 2001 and 2004 ( Table 2 ). The citation advantage for three author articles compared to two author articles is much smaller, is not universal (exceptions include Economics, Law, Neurosciences, Nursing, Sociology in at least 1 year), and changes little over time overall, although there is a decrease for most disciplines from 1995 to 2007 (Table 3) .
Discussion
A limitation of this study is that it investigates social science disciplines for 5 years between 1995 and 2007. Although it seems highly likely that the findings would not be 
In each column, an equals sign indicates no evidence of a difference in citations for articles written by the two stated numbers of authors. An inequality \ indicates that articles written by the first number of authors attracted significantly less citations than articles by the second number of authors. Letters are assigned to disciplines with the same set of column values
The Kruskal-Wallis tests gave statistically significant results for all disciplines (p = 0.000)
Scientometrics (2015) 102:213-225 219 much different for other social science disciplines and other recent years, the findings may be very different for much earlier years or for science disciplines. Because the study is on over 300,000 articles, it was not possible to gauge the effect of differences in article quality or breadth of interest on the numbers of citations. The study is also limited in that it has not differentiated between types of collaboration, such as national and international. It seems possible that disciplines having a larger proportion of international collaboration will be the ones with the highest citation advantage for collaboration. Another important factor is specialism within a research area. It may be that collaborative research within a subject area is more highly cited because it is disproportionately part of a high citation and high collaboration specialist area, such as one involving computing. If this were to be the case then this would make the association between citations and collaboration spurious. It seems unlikely that this occurs systematically in the social sciences, however. The type of collaboration may also affect the results. If two author articles in a discipline are predominantly written by a PhD student and her supervisor then the high citation of two-author articles may be attributable to PhD research rather than collaboration per se-and some scientists do not regard co-authorship through PhD supervision as genuine collaboration (Katz and Martin 1997) .
From the perspective of the implications of the results, an important limitation is that it is not clear whether co-authored articles require more effort to produce and hence whether co-authored research is an efficient way to generate impact. Finally, the methods here do not demonstrate a cause-and-effect relationship between citations and collaboration: it may be that people conducting highly cited research are more able to collaborate than are others rather than collaboration being a good thing in itself (Weale 2013) . The use of means based upon skewed data for Tables 2 and 3 is another limitation of the paper for part of the results. The general the variability by year for Table 2 is greater than in Table 3 , as shown by the values in the last column. For Table 2 the mean range overall is more than three times the mean range for Table 2 than for Table 3 (0.85 compared to 0.27). This difference is due to the mean range across years being highest for 1-author articles (the average across disciplines for 1-author, 2-author and 3-author were 29.8, 16.3 and 19.7 %, respectively) . The higher percentage for 1-author than 2-author might be because the mean for skewed data can increase with sample size.
An interesting question related to this paper, the extent to which the higher citation of multi-authored articles is associated with the increased number of affiliations, is addressed in Table 4 . Table 4 Table 4 indicates that the median citation of two-author articles with only one affiliation is almost identical to that for two-author articles with two affiliations. By contrast, the median citation of three-author articles with only one affiliation is substantially lower than that for three-author articles with two or three affiliations. Table 4 The association between number of authors, number of author affiliations and mean citation for articles published in 2007 
Conclusions
The results suggest that it is a universal social science phenomenon, across time and discipline, that articles with at least two authors are likely to be, on average, more highly cited than articles with one author, and that the difference is likely to be substantial, for example, at least 50 %. Nevertheless, unlike the case for SCI articles, additional authors after the second have little effect in some disciplines, although they are advantageous in others.
The findings indicate that policy makers should only encourage larger teams of researchers in some social science disciplines, since larger teams are not universally beneficial. This recommendation is predicated by the assumption that articles take the same total amount of time to prepare, irrespective of the number of authors, and this issue requires further research to verify. Should it be established that collaborative research takes longer total time, for example due to the effort needed to coordinate work, then Tables 2  and 3 can be used to help work out how much extra effort would be worthwhile for collaborative research. For example, Business research in 2007 attracted 1.87 times more citations if authored by two people than if authored by one person. Hence a collaboration with two authors would be worthwhile if it took\87 % extra effort for the collaboration. In contrast, if multi-authored research takes less total time, for example due to efficiencies of specialisation outweighing the time needed for coordination, then collaborative research is always recommended in the social sciences as there seem to be no situations in which it reduces the citation impact of research. Finally, whilst the current findings apply to collaboration in general for the social sciences, future work could differentiate between different types of collaboration (e.g., national vs. international) to get more fine-grained results.
The table in the Discussion indicates that on average three-author multi-affiliation articles are more highly cited than three-author single affiliation articles. It would have been interesting to have compared the citation of international multi-affiliated articles with non-international multi-affiliated articles, but a feasibility study on the raw data indicated that such an investigation was not practical. Another interesting question that could not be pursued in this study is the extent to which the findings are affected by the completeness of coverage of Web of Science.
